BACKGROUND High levels of apolipoprotein B (apoB) have been shown to predict atherosclerotic cardiovascular
analysis over conventional approaches is that differences in predictive powers in the discordant groups will not be attenuated by correlation between the markers of risk in concordant groups (7) . Accordingly, the objective of this study is to use discordance analysis to evaluate the associations of apoB with LDL-C and non-HDL-C in early adulthood and their joint or discordant effects on long-term risk of developing coronary calcification by middle age. Wilkins et al.
METHODS
Discordance Between ApoB and LDL in Young Adults J A N U A R Y 1 9 , 2 0 1 6 : 1 9 3 -2 0 1 Total cholesterol (TC) and HDL-C were measured using serum from a fasting blood draw that was separated into plasma frozen at À70 C before analysis When apolipoprotein B (apoB) and low-density lipoprotein cholesterol (LDL-C) (or non-high-density lipoprotein cholesterol [non-HDL-C]) are concordant within an individual (columns 1 and 4), apoB particles contain an average amount of cholesterol. When concordant, apoB, LDL-C, and non-HDL-C predict risk similarly well. When apoB and LDL-C (or non-HDL-C) are discordant, the particles are either cholesterol-enriched (column 2), or cholesteroldeplete (column 3). In discordant groups, the risk for subclinical atherosclerosis appears more strongly associated with apoB than with LDL-C or non-HDL-C.
aortic root to the cardiac apex in 2 gated scans, which were transmitted electronically to the CARDIA CT Reading Center, where an expert investigator reviewed and adjudicated all discordant scan pairs.
A total CAC score was computed by summing the Agatston score for each coronary artery and across all coronary arteries. The presence of CAC was defined by a total Agatston score >0 (11).
STATISTICAL ANALYSES. The medians and tertiles for apoB, LDL-C, and non-HDL-C at baseline were computed first, with correlations assessed using Spearman rank correlation and examined graphically using scatterplots. Participants were then classified into apoB, LDL-C, and non-HDL-C groups based on tertiles of each measure within the entire cohort.
In addition, 4 mutually exclusive concordance/ discordance categories were defined based on the medians of apoB and LDL-C or non-HDL-C concentration levels: low/low (less than the medians of both apoB and LDL-C or non-HDL-C), low/high (less than the median of apoB and greater than or equal to the median of LDL-C of non-HDL-C), high/low (greater than or equal to the median of apoB and less than the median LDL-C or non-HDL-C), and high/high (greater than or equal to the medians of both apoB and LDL-C or non-HDL-C). Discordance was defined as apoB greater than or equal to the median with the other measure less than the median or vice versa. We chose median cutpoints over percentile differences in the distribution of apoB, LDL-C, or non-HDL-C to maximize each group's size so that we could generate stable measures of association among discordance groups and midlife CAC. At Y25 (Table 3) , it is notable that although BMI and prevalence of obesity were certainly higher than at baseline, there were no systematic trends across groups noted for these measures. Similarly, there were no significant differences in BP or hypertension prevalence across the 4 groups. In contrast, blood glucose and the proportion of participants with diabetes were higher in both high apoB groups. Plasma
TGs were higher in both high apoB groups although the average remained within the normal range. analyses. The ORs of the low apoB/high LDL-C and the low apoB/high non-HDL-C groups were significantly higher than baseline only in the unadjusted comparisons and were not statistically significantly different in the adjusted models. Thus, when either LDL-C or non-HDL-C was high, but apoB was low, the odds of coronary artery calcification were not higher than the referent and were lower than the 2 groups with high apoB. In contrast, the ORs for the high apoB/low LDL-C and the high apoB/low non-HDL-C groups were significantly higher than the referent in both the BMI ¼ body mass index; BP ¼ blood pressure; HDL-C ¼ high-density lipoprotein cholesterol; HS ¼ high school; LDL-C ¼ low-density lipoprotein cholesterol; NHDL-C ¼ non-HDL-C (defined as total cholesterol minus HDL-C).
unadjusted and adjusted models. Thus, when either LDL-C or non-HDL-C were low, but apoB was high, the odds of developing coronary artery calcification were significantly higher than in the 2 groups with low apoB. We obtained similar results in the sensitivity analyses using estimated risk ratios instead of the odds of having CAC >0 at Y25 (data not shown).
Finally, odds of CAC >0 at Y25 were highest for the high apoB/high LDL-C and high apoB/high non-HDL-C strata-those with greatest numbers of apoB particles. In this group, apoB particles contained an average mass of cholesterol.
DISCUSSION
This study demonstrates a strong association between plasma levels of apoB in young adulthood (mean: 25 years) and coronary calcification in middle age (mean: 50 years) (Central Illustration). In discordant groups, the odds for CAC in midlife were significantly and consistently higher when apoB was greater than the median and not significantly higher than the referent when apoB was below the median, suggesting that the risk for CAC is more strongly influenced by apoB than by LDL-C and non-HDL-C in early adulthood. Therefore, this discordance analysis suggests that the measurement of apoB at age 25 years may identify subgroups (18% of sample) in which apoB levels may predict midlife coronary calcification better than LDL-C and non-HDL-C.
In this analysis and multiple previous studies that used discordance analysis, atherosclerotic CVD risk is associated with absolute apoB concentrations more than LDL-C and non-HDL-C. Of note, the group with the high LDL-C or non-HDL-C and high apoB had the highest risks for CAC in midlife (Table 4) . This group had the highest apoB (110.9 mg/dl) and cholesterol concentrations; thus, particles were numerous but of average cholesterol concentration ( Table 2) . Because an increased risk for CAC was only seen in participants with apoB greater than the median, these results suggest that the increased risks for CAC may be explained by the substantial differences in apoB among the groups. Likewise, in the discordant group with low apoB and high LDL-C, there was a trend toward high CAC risk; this trend may be explained by the 9 mg/dl higher mean apoB in this discordance group compared with the referent (Tables 2 and 4) . Obesity and dysglycemia are widely regarded to be major CVD risk factors that produce elevated levels of cholesterol-depleted apoB particles. In this sample, differences in plasma TGs, BMI, dysglycemia, and BP across the discordance and concordance groups were modest and often fell within the normal ranges.
However, differences in the levels of apoB were already evident in young adulthood, and these differ- Discordance Between ApoB and LDL in Young Adults
